plates.
We studied whether the AVP-responsive cAMP production system would be located solely on the basolateral surface of these cells as has already been shown on the renal tubules.
We used two methods to overcome the inaccessibility to the basolateral surface of the cultured cell layer and to study the apical and basolateral surfaces separately. One was culture on collagen sheet and the other was on Millipore filters.
Our experiments showed that MDCK cell increased adenosine 3': 5'-cyclic monophosphate (cAMP) content prominently only when vasopressin was accessible to the basolateral surface. Accordingly, MDCK cells were shown to have the AVP-responsive cAMP production system predominantly on the basolateral surface of the cell membrane.
Renal tubular epithelial cells are organized into tubules in vivo. They respond to various peptide hormones by increasing adenosine 3': 5'-cyclic monophosphate (cAMP) and transport fluid and ions from the lumen to the blood. As peptide hormones are present in the blood, it is likely that hormone receptor-adenylate cyclase complexes are present on the basolateral surface of the cells. In fact, vasopressin (AVP) receptors were reported to be present on the basolateral surface of the renal tubular cells (Schwartz et al., 1974) .
MDCK cell line, which was originally isolated from whole adult dog kidney, forms a continuous sheet of transporting epithelial cells in a unilateral direction and increases cAMP content when exposed to AVP (Ishizuka et al., 1978; Rindler et al., 1979) . The apical surface, studded with microvilli, is considered to be the luminal side (Misfeldt et al., 1976; Khayim et al., 1981) . When cultured on a freely permeable membrane filter, MDCK cells form an epithelial membrane which transports water in an apical-to-basolateral direction and has transepithelial electrical potential with the apical surface negative (Misfeldt et al., 1976; Cereijido et al., 1978 
Results

Experiment (a)
As shown in Figure 4 , a dose-dependent increase in cAMP production was observed at a concentrations of AVP from one to If the cells do not reach a confluent state (right), the difference in the fluid-level is not maintained. 100ng/ml when the hormone was added to the cells cultured on the attached collagen gel. An increase in cAMP production was not observed with the addition of AVP at 0.1ng/ml. In contrast, when the gel supporting the monolayer was released before adding AVP, a dose-dependent increase in cAMP production was observed at a concentration of AVP from 0.1 to 100ng/ml. The increase in cAMP production from the basal level was significantly higher in the cells on the floating gel than that on the attached gel. For example, when incubated with 100ng/ml AVP, the increase in cAMP production of the cells on the floating gel (280pmol/well) was 5 times greater than that on the attached gel (50pmol/well). Thus, the increase in cAMP production was exaggerated when AVP was accessible to the basolateral surface. Figure 5 shows the increase in intracellular and extracellular (medium) cAMP in response to AVP as a function of time when AVP was added to the cells on the attached collagen gel. The increase in intracellular cAMP reached its maximum within 2min and the cAMP content remained on the plateau for another 60min. On the other hand, the cAMP content in the medium was less than 1.25pmol/9.6cm2 plate. 
Discussion
We have reported here that AVP increased the cAMP content of the monolayers formed by MDCK cells, particularly when AVP was accessible to the basolateral surface of the monolayer cells. Therefore it appears that the AVP-responsive cAMP production system may predominantly be located on the basolateral surface of the cultured MDCK cells.
MDCK is a cell line derived from dog kidney (Gaush et al., 1966) with many characteristics corresponding to collecting tubules such as positive responsiveness to AVP (Rindler et al., 1979) . MDCK cells, grown in culture, form monolayers and exhibit a morphological polarization, suggesting that the upward-facing membrane corresponds to the luminal membrane of the epithelial cells and the membrane facing the culture dish surface corresponds to the basolateral membrane (Leighton et al., 1970; Cereijido et al., 1978; Khayim et al., 1981) . Furthermore, the functional polarity of the monolayers was confirmed by the transportation of water from the apical surface to the basolateral surface and the development of transepithelial potential of the cells cultured on the membrane filter. Our experiments disclosed the MDCK cells increased their cAMP content, predominantly when AVP was accessible to the basolateral surface of the monolayer. Similarly, Garcia-Perez et al. (1984) reported that an increase in cAMP production was observed only when AVP was added in the basolateral medium of the monolayer formed by canine cortical collecting tubular cells obtained by immuno-dissection. Asymmetry of the apico-basolateral membrane might be explained by the following:First, the difference in the number of AVP receptors. The second possibility is the difference in the affinity of receptors to AVP molecules. Thirdly, the difference in the coupling of AVP receptors to adenylate cyclase moieties. Another explanation is the difference in the availability of ATP (substrate of adenylate cyclase).
The monolayers reconstructed by MDCK cells minimally increased cAMP production even in response to apical AVP administration. The reason for the minimal responsiveness to apical AVP stimulation could be the presence of a minimal number of AVPresponsive cAMP production systems on the apical membrane or the accessibility of AVP to the basolateral side by diffusion through the monolayer from the the apical side.
Although hormones have been usually added to the culture medium to study the biological action on the cultured renal epithelial cells, it seems important to take into consideration the accessibility of the hormone to the basolateral surface in the study of hormone action on the renal tubular cells.
